NA61/SHINE is a fixed target experiment designed to study hadron-proton, hadron-nucleus and nucleus-nucleus interactions at the CERN Super-Proton-Synchrotron. In this proceeding we present results on spectra of identified hadrons produced in pion-carbon production interactions, which are of fundamental importance to improve the extensive air shower modeling, and hence the interpretation of ultra-high-energy-cosmic-rays measurements. In particular, our measurements of (anti)baryons and ρ 0 production in pion-carbon interactions can contribute to improve the predictions of muon production by air shower simulations using hadronic interaction models. In this contribution we discuss the data analysis and the results from pion-carbon collisions recorded at beam momenta of 158 and 350 GeV/c. The preliminary spectra of K ± and p (p) are shown, as well as a comparison to predictions of hadronic interaction models used in air shower simulations. Additionally, we present final results on the production of ρ 0 , ω and K * 0 resonances.
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Introduction
Indirect measurements of high energy cosmic rays through Extensive Air Showers (EAS) generally require air shower simulations to be interpreted. These simulations are performed by Monte Carlo codes that make use of hadronic interaction models to describe the nucleus-air and hadron-air collisions along the shower development [1] . During the last decades, a number of EAS experiments (like HiRes-MIA [2, 3] , KASCADE-Grande [4] and Pierre Auger Observatory [5] ) have reported results indicating that simulations do not predict satisfactorily the muon production in air showers [6] [7] [8] [9] [10] . This discrepancy between data and simulations has strong implications mainly on the inferences of the cosmic rays mass composition [11] .
The production of (anti)baryon and ρ 0 along the air shower development have been shown to be very important mechanisms for the muon production [12] [13] [14] . Therefore, a proper prediction of these particles spectra by the hadronic interaction models could contribute to reduce the discrepancy between air shower simulations and data. Although the current hadronic models are tuned by making use of a large body of proton-nucleus data, there is a lack of measurements of particle production in π-nucleus interactions, which are the most abundant hadronic interaction occurring in an EAS.
To address the lack of suitable data for the tuning of hadronic interaction models used in air shower simulations, the NA61/SHINE experiment [15] collected new data with negatively charged pion beams at 158 and 350 GeV/c on a thin carbon target. A selection of results on the hadron and meson productions of these collisions are presented in this proceeding.
The NA61/SHINE experiment
NA61/SHINE (SHINE = SPS Heavy Ion and Neutrino Experiment) is a fixed target experiment at the CERN SPS designed to study hadron production in nucleus-nucleus and hadron-nucleus collisions. Its physics goals comprise a) the strong interaction program, which investigate the properties of the onset of deconfinement and search for the critical point of strongly interacting matter, b) the neutrino program, to measure precisely the hadron production important to calculate the neutrinos and antineutrino fluxes in the T2K neutrino experiment [16] , and c) the cosmic rays program, focused on the measurements of the hadron and meson production which are most relevant for the modeling of extensive air showers. The full description of the NA61/SHINE experiment and its science program can be found in Ref. [15] The NA61/SHINE detector measures charged particles produced by the collision of the beam particles with the target through a set of five Time Projection Chambers (TPC). Since two of the TPCs are placed in the magnetic field produced by superconducting dipole magnets, the charge and the momenta of the particles can be measured and the achieved resolution on p is of order of σ (p)/p 2 = 10 −4 (GeV/c) −1 . Additionally, the energy loss by unit of length (dE/dx) in the TPCs is used in this work for particle identification.
A beam detector system composed of scintillation and Cherenkov counters is placed upstream of the detector to identify and measure the beam particles. The position of the beam is measured by set of three beam position detectors, also placed upstream of the target. 3. π ± , K ± , p andp spectra In NA61/SHINE charged particles can be identified via the track-by-track measurement of the truncated mean of the deposited energy registered by individual pads in the TPCs.
After splitting the data into bins of total and transverse momentum (p and p T ), the measured dE/dx distributions are fitted by a generic dE/dx model that combines the contribution of 5 particle types (e, π, K, p and deuterons). The dE/dx distributions for individual particles are described by the model as asymmetric Gaussians in which the resolution σ depends on the number of clusters N cl in each track as σ ∼ 1/ √ N cl . The particle yields are obtained then by integrating the fitted distributions.
The fits of the dE/dx distributions provide a precise particle identification for most of the phase space bins. However, for a number of bins, mainly at the low momentum region, the average energy deposit for different particle types can be very similar, which implies a large overlap between the two dE/dx distributions. For these bins, the yields of the overlapping particles cannot be precisely determined by the dE/dx fit method and therefore they must be excluded from the particle spectra. To determine which bins to exclude, a large set of simulations of the dE/dx distributions were produced, reproducing the same p, p T and N cl distributions and similar particle yields observed in data. After performing the dE/dx fit procedure to the simulated data set, the standard deviation and the average bias of the yields were computed and the bins with a relative standard deviation larger than 25% for a given particle were excluded from the analysis. For the remaining bins the average biases were corrected and the statistical uncertainties were computed by the standard deviation of the simulated data fits.
The particle yields obtained from the dE/dx distribution fits were then corrected for detector effects (acceptance and selection efficiency) and feed-down contributions from weak decays and re-interactions in the target and downstream detector material. Simulated data using three hadronic interaction models (EPOS 1.99 [12] , QGSJET II-04 [17] and DPMJET 3.06 [18] ) was used to compute the correction factors. While the correction factor dependence on the specific hadronic model was observed to be < 2% for the acceptance and selection efficiency, the differences between the feed-down contribution can reach up to 10%, depending on the p and p T bin and particle type. These differences were accounted for in the systematic uncertainties of the final spectra. Finally, the average particle multiplicity, for each p and p T bin, was computed by dividing the corrected yields by the total number of target interactions, which in turn was obtained by correcting the total number of triggered events by the trigger and event-selection efficiency. This correction was also computed by using simulations with the aforementioned hadronic interaction models and it amounts to 92.5 ± 3.5% and 78.5 ± 4.0% for the 158 and 350 GeV/c data set, respectively, where the uncertainties were estimated by the differences between the factor obtained with different hadronic models. The final spectra of K ± and p (p) are shown in Fig. 1 . The preliminary π ± spectra can be found in Ref. [19] .
For each p bin, it was verified that the average multiplicity as a function of p T can be well described by an exponential function in m T , which means [(GeV/c) T dp dp dn [(GeV/c) T dp dp dn [(GeV/c) T dp dp dn [(GeV/c) T dp dp dn [(GeV/c) T dp dp dn [(GeV/c) T dp dp dn [(GeV/c) T dp dp dn [(GeV/c) T dp dp dn The integrated spectra over p T for π ± , K ± and p (p) are shown in Figs. 2 and 3 , where they are compared to the predictions of EPOS 1.99, DPMJET 3.06, SIBYLL 2.3C [20] , QGSJET II-04 and EPOS LHC [21] . Note that due to an improved subtraction of non-target interactions, the updated π ± spectra shown here differ from the preliminary ones presented in Ref. [19] by ≤ 10%. To perform the integration, two functions were used to extrapolate the p T range which is not covered by the measured spectra: an exponential in m T and a Gaussian convoluted with an exponential. The average spectra obtained by using these functions are shown in Figs. 2 and 3 and the difference between both was added to the systematic uncertainties, being in all cases < 1%. The p bins in which the contribution from the extrapolation is larger than 5% are not shown.
4. ρ 0 , ω and K * 0 spectra
The yields of the resonance mesons can be measured using the NA61/SHINE apparatus through the inclusive π + π − invariant mass spectra. The resonance signal can be extracted by fitting templates of the π + π − invariant mass distribution, obtained from Monte Carlo simulation, to the measured distribution. The Monte Carlo events were generated using EPOS 1.99 as hadronic interaction model and they were passed through the full NA61/SHINE detector simulation and reconstruction chain. To generate the template for the combinatorial background, two approaches were applied: charge mixing method, in which the π + π + and π − π − are treated as the background, and Monte Carlo method, in which the background mass distribution is obtained directly from simulations.
The fitted yields were then corrected for the limited detector acceptance, selection efficiency, detector trigger efficiency, fitting bias and feed-down from re-interactions. Simulations using EPOS 1.99 were used to compute the corresponding correction factors. Finally, the average multiplicity was obtained by dividing the corrected yields by the total number of target interactions. The complete analysis description and results can be found in Ref. [22] .
In Fig. 4 , the spectra of ρ 0 , ω and K * 0 are shown and compared to the predictions of EPOS 1.99, DPMJET 3.06, SIBYLL 2.1, SIBYLL 2.3 [23] , QGSJET II-04 and EPOS LHC. While the ρ 0 spectra are shown for beam energies of 158 and 350 GeV/c, the ω and K * 0 spectra are limited to the 158 GeV/c data set because of the large uncertainties obtained for the 350 GeV/c one. Additionally, the ρ 0 spectrum at 350 GeV/c is limited to x F < 0.5 because of the limited acceptance of the detector at this beam energy.
The systematic uncertainties on the spectra were estimated by taking into account the contributions of the difference between two methods to determine the combinatorial background, differences on the correction factors computed with different hadronic interaction models and differences due to variations on the track and event selection criteria.
Summary and conclusions
Selected results of particle production in pion-carbon collisions measured by NA61/SHINE experiment were presented in this proceeding. First we have shown the spectra of π ± , K ± and p (p), obtained by means of a particle identification analysis based on the dE/dx. Second, we have shown the spectra of ρ 0 , ω and K * 0 , obtained by means of a template fit method applied to the invariant mass distribution of π + π − . The most relevant sources of systematic uncertainties were estimated and presented with the final spectra.
From the comparison of the measured π ± , K ± and p (p) spectra, one can see that none of the models provide a satisfactory description of all particle production, at both energies. The special case ofp, which are important for air shower modeling, EPOS 1.99 provides the better agreement, while its production is overestimated by EPOS LHC and DPMJET 3.06, and underestimated by QGSJET II-04 and SIBYLL 2.1. Concerning the spectra of ρ 0 , an overall overestimation of its production by the models is observed at x F < 0.3, while at x F > 0.3, an overall underestimation is observed instead.
